surface water and 0.81 million km 2 of seasonal surface water on Earth in 2015. During the full period of the analysis, 162,000 km 2 of permanent water were lost or became seasonal, whereas 184,000 km 2 of new permanent waters were created at different locations. More than 70% of the losses were concentrated in just five countries (Kazakhstan, Uzbekistan, Iran, Iraq and Afghanistan) clustered in the Middle East and Asia, raising serious questions about water security and transboundary water management in that region. Most of the permanent-water gain correlates with reservoir construction worldwide, but the impact of climate change was also detected in lake expansion caused by melting glaciers in the Tibetan Plateau. Changes that occur across decades, such as those due to the recent drought in Australia, also stand out clearly.
This article was published online on 7 December 2016.
S U S A N E L I A Z E R & A N D R E W S . B R AC K
A s muscle stem cells age, their ability to regenerate skeletal muscle following injury declines. One factor that might be responsible is alteration of the highly compact nuclear complex called chromatin, in which DNA is packaged around histone proteins. A changing environment can induce molecular modifications, known as epigenetic changes, to histone proteins, altering chromatin state and so modifying the cell's transcriptional landscape 1 -a more open conformation permits gene transcription, whereas tighter packaging is repressive.
Ageing muscle stem cells exhibit epigenetic alterations 2 , but whether these changes cause the regenerative decline of skeletal muscle with age has been unknown. Schwörer et al. 3 report on page 428 that the gene Hoxa9 acts as a molecular node for this dysfunction, being aberrantly expressed as a result of epigenetic modifications in aged muscle stem cells, and in turn promoting abnormal expression of downstream signalling pathways that drive the cells' functional decline.
The authors isolated quiescent stem cells from normal muscle and activated stem cells from injured muscle in young-adult and aged mice, and analysed histone modifications using a strategy based on mass spectrometry. Compared with quiescent stem cells in the young adults, the aged quiescent cells showed increased levels of molecular modifications associated with gene repression (the addition of two methyl groups to the aminoacid residue lysine 9 (K9) on histone H3, and trimethylation of K27 on H3) and lower levels of marks associated with activation (the addition of acetyl groups on H3 and H4, and dimethyl ation of K36 on H3). The researchers also noticed that the transition from quiescence to activation was accompanied by a decrease in active marks in young-adult mice. By contrast, the transition in aged stem cells was associated with an increase in active marks and a decrease in repressive marks, resulting in a more permissive chromatin state and aberrant gene expression (Fig. 1 ).
Schwörer and colleagues also observed increased Hoxa9 transcript and protein levels in activated aged stem cells compared with those of young adults. This increase was induced by recruitment of an enzyme called Mll1 to the Hoxa9 region. The enzyme deposits an activation-associated modification on H3 (trimethylation of K4; a mark dubbed H3K4me3). Wdr5, a scaffold protein for Mll1, was also recruited. Together, the two recruited factors caused Hoxa9 to be transcribed and translated at a much higher level.
The authors then used several strategies to investigate the potential role of Hoxa9 in the regenerative dysfunction of aged muscle stem cells -mutating Hoxa9 in mice, or inhibiting Hoxa9 transcription in muscle-or stem-cell cultures that were transplanted into an injured muscle in young-adult mice. In all cases, Hoxa9 inhibition restored proliferation and regeneration in aged stem cells. Furthermore, overexpression of Hoxa9 in young-adult stem cells suppressed their proliferative capability, thus mimicking the aged situation. Together, these data imply that Hoxa9 expression causes regenerative decline in ageing muscle.
Hox genes are a vital part of embryonic development, determining the anatomical identity of each segment along the head-tail axis of the growing fetus 4, 5 . By investigating signalling pathways known to be regulated by Hox genes during development, Schwörer et al. found that overexpression of Hoxa9 led to the aberrant expression of various developmental pathways, including Wnt, BMP-TGF-β and JAK-STAT -all of which have been shown to alter muscle stem-cell function during ageing [6] [7] [8] [9] . Although it seems that increased Hoxa9 expression is the nodal point for aberrant signalling in aged stem cells, inhibiting any one of these signalling pathways can restore stem-cell capacity [6] [7] [8] [9] . This suggests either that there is crosstalk between the signalling pathways, or that the pathways are induced as a consequence of the stress caused by injury and lowering the levels of one pathway mitigates the stress response. It would be interesting to determine how patterns of epigenetic modifications are changed when these signalling pathways are inhibited. Could reducing the level of a single aberrant pathway following injury restore histone-modification patterns to the young-adult state, implying that a feedback loop controls the regenerative capacity of stem cells? It remains unclear why chromatin unwinds in aged stem cells following injury. It is possible that changes in the activity of anti-and pro-ageing factors over a lifetime of wear and tear drive a maladaptive epigenetic response to injury. Alternatively, the chromatin might open as an injury-response mechanism to facilitate DNA repair.
This impressive study demonstrates how abnormal stress-induced epigenetic activation can alter stem-cell function during ageing. The work could have broad medical implications if Hoxa9 is confirmed to be an intermediary between the epigenetic response to injury and developmental signalling pathways during regeneration in elderly humans. Understanding the upstream events that cause epi genetic de-repression of Hoxa9 might then be beneficial for strategies to prevent -or even reverse -age-associated declines in muscle regeneration. ■ Susan Eliazer and Andrew S. Brack 
